Effect of partitioning equilibria on the activity of beta-galactosidase in heterogeneous media.
We had demonstrated that membrane adsorption or penetration differentially modulated beta-Galactosidase (beta-Gal) activity against soluble substrates (Coll. and Surf., 24, 21, 2002). In a heterogeneous media, not only the enzyme but also the rest of the chemical species taking part in a chemical reaction would eventually interact with the available surfaces. The aim of the present work was to investigate if, in addition to changes in the intrinsic mechanism of the reaction at the lipid-water interface, the kinetics of enzyme-catalyzed reactions could be significantly affected by the partitioning of the substrate (ortho-nitro-phenyl galactopyranoside (ONPG)), the product (ortho-nitro-phenol (ONP)) and the enzyme (E. coli beta-Gal) towards the membrane. Multilamellar vesicles of sPC were used as model membranes. Membrane-water partition coefficients (Pm/w) were determined according to the theory and methodology developed previously (J. Neurosci. Meth. 36, 203, 1991). The values of Pm/w obtained (PONPG =0, PONP =50 and P beta-Gal = 118) were applied to a two-compartment model, which assumed a free access of the substrate to the enzyme and a nucleophile-like activatory effect exerted, within the membrane compartment, by the lipid-water interface. This model: (i) reproduced the lipid concentration-dependence we had observed previously in Vmax, (ii) predicted the values of k4 = 3.54 x 10(7) s-1 and the extinction coefficient of the aglycone in the membrane phase, 4012 M(-1) cm-1, with p < 0.0001 and p < 0.02, respectively, as well as for P beta-Gal =117 (which was poor (p=0.6716) but gave a numerical value within the same order of magnitude that the experimental value) and (iii) emphasized the importance of the more efficient reaction mechanism in the membrane phase compared with that in the aqueous phase (k4>>k3).